Malaysia and Germany. 6, 7, 12, 13 This pathogen will cause immunocompetent mice to have a subclinical infection and immunodeficient mice to have rhinitis or pneumonia respiratory symptoms.
The current FELASA (Federation for Laboratory Animal Science
Associations) recommendations for the health monitoring of mouse colonies in experimental units do not list B. pseudohinzii in their health report form, 14 but the The American Association for Laboratory Animal Science (AALAS)/FELASA working group refers to B. hinzii as an "exotic agent" that "should be mentioned when found". 15 Studies using mice as the animal model in China are increasing, but the infection status of B. pseudohinzii in the laboratory animal facilities in China had never been investigated.
In the present study, B. pseudohinzii was screened from a total of 3094 mice from 33 facilities and isolated. The characterization of B. pseudohinzii was also studied.
| MATERIAL S AND ME THODS

| Sample collection and bacterial isolation
A total of 3094 respiratory secretions were collected from mice from 33 different laboratory animal facilities in Southern China from 2015 to 2018. The specimens were transported on ice to the laboratory within 24 hours of sampling. The samples were inoculated on trypticase soy agar supplemented with 5% sheep blood and cultured under anaerobic conditions at 37°C for 24-48 hours. The isolates were gram stained, examined by microscope and identified using the ATB Expression microbe identification system (BioMérieux).
| 16S rRNA gene and OmpA gene sequencing and phylogenetic analysis
Seven clinical isolates from different experimental animal facilities were randomly selected for genetic analysis. The genomic DNA was extracted using the bacterial genomic DNA extraction kit (Tiangen Bio-chemical Technology) according to the manufacturer's protocol. The 16S rRNA gene was amplified using universal primers (forward primer: 5'-AGAGTTTGATCMTGGCTCAG-3', reverse primer: 5'-TACGGYTACCTTGTTACGACTT-3'). The partial B. pseudohinzii outer membrane protein A (OmpA) gene was amplified using primer pairs as previously described. 6 All the primers were synthesized by Sangon Biotech. The PCR conditions were set up in a 50 μL volume containing 5 μL of genomic DNA, 0.4 µmol/L of each primer, 25 μL of Premix ExTaq (Takara, Japan) and 19.4 μL of distilled water as follows:
pre-denaturation at 95°C for 3 minutes; 30 cycles of denaturation at 95°C for 30 seconds; annealing at 58°C for 30 seconds, extension at 72°C for 60 seconds; and finally 72°C for 10 minutes. Then 8 μL of the PCR product was subjected to electrophoresis on a 2% agarose gel. The PCR product was recovered using a DNA purification kit and ligated to the pMDl9-T vector (Takara, Japan). The positive clones were sequenced. A phylogenetic tree was generated by Mega5 software using the neighbor-joining method. The robustness of the hypothesis was tested with 1000 nonparametric bootstrap analyses.
| Experimental infection of B. pseudohinzii in mice
The sequences of the OmpA gene in the seven clinical isolates were 100% identical with each other. So one isolate of the seven B. pseudohinzii strains was randomly selected for the experimen- 
| RE SULTS AND D ISCUSS I ON
Bacteriologic cultures of respiratory secretions collected from 3094
mice yielded various kinds of colonies with different morphologies.
Hundreds of colonies were isolated from the samples after 24 hours of incubation on trypticase soy agar supplemented with 5% sheep blood. One type of colony displayed a special morphology that was different from that of the common bacteria. These white, round colonies were apparent after 24 hours of incubation under aerobic conditions. They were of medium sized (1-2 mm), translucent, smooth, convex, and without hemolysis ( Figure 1A) . Microscopic examination demonstrated that the colonies were gram-negative, short rod-shaped bacteria with densely stained poles ( Figure 1B ). The API 20NE commercial identification kit (bioMérieux) gave the numerical code 0000067, suggesting with a high level of confidence (96.7%) that the bacteria were Bordetella avium. A total of 41 isolates with the same morphology were recovered from tracheal swabs as the dominant organism. All the 41 isolated strains exhibited a consistent profile: code 0000067 on API 20NE.
To further determine the characteristics of the clinical isolates, seven isolates were randomly selected for genome sequencing and analysis. The sequences of the OmpA genes were 100% identical with that of the previously reported B. pseudohinzii derived from mouse colonies in different countries. 4, 7 In addition, the OmpA gene detected in this study had 98% nucleotide sequence homology to B. hinzii F582 and H568 isolated from humans, 97% homology to B. avium, 93% homology to pertussis, and 92% homology to bronchiseptica and parapertussis. A phylogenetic tree based on the sequences characterized all the seven clinical strains as "B. pseudohinzii".
All the isolates formed the same cluster in the OmpA phylogenetic tree (Figure 2A) . To confirm the OmpA gene analysis, a phylogenetic analysis based on 16S rRNA sequences was performed and demonstrated that the seven isolates also formed the same group with another B. pseudohinzii strain H4681 and BH370 ( Figure 2B ). It also indicated that Bordetella hinzii strain 3224 was in the same cluster as B. pseudohinzii. Given the similarity between the two species, it has been suggested that Bordetella hinzii identified in previous reports was actually B. pseudohinzii. 4, 8 The phylogenetic analysis performed in the present study also supports that conclusion. The 16S rRNA sequences of seven Bordetella pseudohinzii strains A1, A2, C1, F1, H3, H4 and J1 were deposited in GenBank under accession numbers MK072953 to MK072959, respectively.
To investigate the replication of B. pseudohinzii in mice, the tissues of the experimentally infected mice were examined for the presence of B. pseudohinzii using PCR. The detection results were summarized in Table 1 . Experimental infected mice presented an asymptomatic infection. In the inoculation group, B. pseudohinzii could be detected as early as day 2 PI in the trachea and cecal contents and was consistently present in theses tissues at all the sampling time points throughout the study. The dirty padding was found to All the samples collected from the control mice were negative for B. pseudohinzii throughout the study.
Our study is the first to report a natural infection of Bordetella pseudohinzii in captive mouse colonies in China. The infection rate (41/3094) was 1.32%, which is consistent with another study reported in Japan. 11 Furthermore, the bacteria could be detected in almost all the mice species studied, including C57BL/6 mice, BALB/c mice, ICR sentinel mice, immunodeficient mice, and transgenic mice. To date, B. pseudohinzii has been isolated not only from laboratory mice, but also from wild rats. 4, 16 Although there is no evidence that B. pseudohinzii could infect humans, B. hinzii which shares high similarity with B. pseudohinzii has been isolated from humans and is associated with mutiple diseases. 9,10,17-20 B. hinzii has been isolated from wild rodents, but the source of transmission remains elusive. 16, 21 The isolation of B. pseudohinzii in wild rodents together with our finding that the bacterica can shed through the feces and transmit to other animals raises public health concerns. 16 Wild rodents represent an important reservoir of multiple human pathogens. 22 When the dirty padding in the inoculated group was positive for B. pseudohinzii by PCR on day 12 PI, a sample of padding was moved to the cage containing the sentinel mice. The day that dirty padding in the inoculated group was determined as positive was considered to be the day of inoculation for the sentinel and cohabiting groups.
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